This study aims to determine whether bioscience teachers and researchers in a research-intensive university have consistent views on research-based teaching, and to evaluate whether teachers' conceptions and views on practical teaching methods are aligned. Fifty-eight teachers completed a questionnaire concerning conceptions and practices of teaching. By using qualitative content analysis, we distinguished three categories of conceptions: teacher-centred, student-centred and a view whereby pedagogical research was valued. Views on teaching practices were divided into five categories, according to how the teachers viewed students' involvement in research. A highly significant correlation indicated that teachers with more student-centred conceptions were likely to implement practices involving students in research and the academic community. Our study shows a plethora of conceptions of research-based teaching in an academic community and suggests that to enhance teaching quality in higher education, cooperation on the development of common conceptions is necessary; they will not evolve by themselves amongst academics.
Introduction
The three main tasks of universities are research, teaching and societal interaction. One of the main challenges in the every-day work of university teachers is often the pressure to promote science, whilst simultaneously carry out greatly varying amounts of teaching. Teaching is commonly perceived as a hindrance to research, and appreciation of the value of teaching tends to be low in comparison to that of generating research publications. In the model presented by Brew (2003) , research is perceived to occur in a 'disciplinary research culture' and teaching in a 'departmental learning milieu', as a result of which teaching and research tend to pull in opposing directions, rather than complementing other. Research and teaching may even be perceived as incompatible, or as having little or no relationship with each other (Hattie & Marsh, 1996; Robertson & Bond, 2001 ). To shift from such antagonism towards a balance in which research and teaching are synergistic, a number of higher education researchers have called for a closer integration of research and teaching (Barnett, 1997; Brew, 2003; Hattie & Marsh, 1996; Shore, Pinker, & Bates, 1990 ).
There are contrasting views and traditions on the integration of research and teaching, depending on the academic communities and funding models in different countries. In countries where research and teaching are funded separately, such as the UK and Australia, there is a tendency to separate the two. This has led to the development of separate teaching institutions and research institutions, which is not congruent with the view that research and teaching are complementary. However, in many other countries, such as the USA, there is a strong link between research and teaching, and the two have been intentionally integrated (Brew, 2003) . Our study was conducted in a Finnish, research-intensive university, which has the strategic objective that every teacher researches and every researcher teaches. According to the university's educational leadership and management strategy, the academic community conducts research-based activities concerning both teaching and learning, in addition to discipline-specific research.
research-based teaching and learning. Many studies have shown that there is variation in how teaching (Åkerlind, 2008; Entwistle & Walker, 2000; Kember, 1997; Virtanen & Lindblom-Ylänne, 2010) and research (Brew, 2006) are conceptualized amongst academics. Indeed, substantial variation has been shown in a small-scale, interview-based study on academics' experiences of the relationship between teaching and research (Robertson & Bond, 2011) . Therefore, before any shift towards a closer integration and coherence of research and teaching, there is a need for further consideration of the conceptions of the research-teaching nexus, and clarification of the actual nature of the relationship between these two fundamental components of academic work.
Furthermore, we analyze the conceptions regarding research-based teaching and learning held by bioscience teachers and researchers, in an academic community with a close integration of research and teaching. We also examine how the combination of teaching and research is implemented in practice by teachers. We thereby attempt to determine whether the academic community shares a common conception of research-based teaching and learning, as a common vision is essential for creating common objectives for a an academic community (Senge, 1994) .
Terminology Used in the Research-Teaching Nexus
There are a number of terms that have been used to describe the research-teaching nexus. Griffiths (2004) described four categories: i) Research-led teaching is teaching structured around subject content with an emphasis on understanding research findings, rather than research processes, ii) Research-oriented teaching puts an emphasis on understanding the process of knowledge-generation, iii) research-informed teaching emphasizes the teaching and learning processes themselves and iv) Research-based teaching is largely designed around inquiry-based activities. In this case, the experiences of staff are highly integrated into student learning activities and the role distinctions between teacher and student are minimized, purposefully exploiting the interaction between research and teaching. Healey (2005) subsequently introduced the category research-tutored teaching, ('learning focused on students writing and discussing papers or essays'). There are also a number of additional related terms, such as research-enhanced teaching, teaching-enhanced research and research-aligned teaching that have been applied to the research-teaching nexus (Brew, 2006) . So far only Brew (2006) has studied what academics understand by the terms used in the research-teaching nexus. She conducted a multidisciplinary survey on what university teachers understand by research-led or research-enhanced teaching. She concluded that most academics viewed research-led teaching as 'learning through research' or 'presenting research to students'. A minority considered it as 'researching teaching' i.e. pedagogical research. There were clear interdisciplinary differences, and while a majority of teachers in education and the humanities considered research-led teaching as 'learning through research', the predominant view in science and technology was 'presenting research to students'. It should be noted that rather than asking directly about their conceptions of research-based teaching, the academics were asked to provide an example of it (Brew, 2006) . Substantial variation has also been reported in studies of academics' experiences of the relationship between teaching and research. Robertson and Bond (2001) , for instance, interviewed only seven academics, on the basis of which they distinguished five qualitatively different categories of experiences of the relationship between teaching and research.
Research-Teaching Nexus
The link between research and teaching can be perceived as specific or diffuse in form (Griffiths, 2004) . In the specific relationship, research can be incorporated into bioscience teaching activities, typically in the form of field or laboratory courses. However, most of the time the link between the two is more diffuse, and the academic adopts a general orientation to the subject and tools for knowledge creation, i.e. provides experience on study design, information gathering, data analysis, publication and funding, into their teaching (Griffiths, 2004) . This approach is close to higher education learning when viewed as students' perceiving characteristic ways of thinking and practising in the specific discipline (McCune & Hounsell, 2005) . Research can also be weakly embedded or strongly integrated into teaching activities (Griffiths, 2004) . When weakly embedded, the research results might be mentioned in lectures or the preliminary reading for a course might consist of research articles. When research is strongly integrated into teaching, the students can, for example, prepare small research projects. The advantage of the shift of emphasis from weak to more strongly integrated research in teaching, is that the learning role of the students shifts from that of a passive learner towards a dialogue between the student and the teacher. In such an active dialogue between students and the teacher, the students can, for instance, give feedback on research ideas or research results (Griffiths, 2004) .
In order to develope a closer link between research and teaching, Brew (2003) has called for the adoption of a new model based on scholarly knowledge-building communities (e.g. departments, whole universities and www.ccsenet.org/hes Higher Education Studies Vol. 4, No. 4; professional networks), in which the acquisition of knowledge is viewed as a process of construction. This new model is dynamic, focused on the process of knowledge construction and learning in a social context, involving all participants, irrespective of their role as students or academics. Linking research and teaching more closely does not necessarily imply that more students should be trained to perform academic research but that there should be closer links between research and teaching in academic communities, whereby both teaching and research are viewed as activities in which individuals and groups interact, constructing knowledge within a social context (Brew, 2003) .
The Nature of Teaching and Learning in Biosciences
Each discipline has its own culture of thinking and practice, including both a research culture and a teaching culture, both being highly dependent on the discipline in question (Becher, 1994; Neumann, 2001; McCune & Hounsell, 2005) . Many major subjects in the biosciences have typically been viewed as hard pure fields of science (Biglan, 1973; Neumann, 2001; Neumann, Parry, & Becher, 2002) , in which research is typically perceived as basic research, carried out in large research groups, and from which the results are published as joint papers. However, some disciplines in the biosciences include applied fields, in which a lot of research is done in collaboration with non-academic institutions.
Some studies have shown that teaching in the natural sciences can consist of teacher-oriented sharing of basic knowledge, the main elements of which being inoculation of the subject content and teaching of research methods (Kreber & Castleden, 2009; Lindblom-Ylänne, Trigwell, Nevgi, & Ashwin, 2006; Lueddeke, 2003) . This approach to teaching is likely to emanate from the perceived nature of knowledge in the field in question: fact-dominated pieces of information need to be taught before the coherent whole can be formed. However, there is an extensive history of teaching conducted via field and laboratory courses, which provide natural opportunities for the implementation of more student-orientated teaching methods.
Research Questions
The aims of this study are to determine whether bioscience teachers and researchers have consistent views on research-based teaching and learning, and the opinions of academics on how they conduct their work in the research-teaching nexus. By means of an open questionnaire, we studied 1) the conception of research-based teaching and learning of bioscience teachers and researchers, and 2) views on how research and teaching are combined in their everyday work.
Methods

Participants
This study was carried out at the Faculty of Biological and Environmental Sciences of the University of Helsinki, Finland. Being a research-intensive academic environment, the university strategy emphasizes that all teachers undertake research, and all researchers teach, and that students are considered to be members of the academic community. The faculty trains experts for careers in universities, research institutions, public administration, schools, business and industry.
The total number of academics in the Faculty was 220, of which 58 participated in this study. The participants included 10 professors, 18 assistant professors, 12 researchers, 10 doctoral candidates and 8 other academic staff, such as planners and research school coordinators. Of the participants, 52% were male and 48% female. The amount of teaching experience among the academics varied considerably: 51% had over 10 years, 12% had 6-10 years, 9% had 3-5 years, 26% had less than 2 years and one participant had no teaching experience. All the major subjects of the faculty but two, Genetics, and Environmental Change and Policy, were represented. These were Biochemistry, Biotechnology, Ecology and Evolutionary Biology, General Microbiology, Physiology, Plant Biology, Aquatic Sciences and Environmental Ecology.
Data
The data consisted of the questionnaire responses of 58 bioscience academics. The questionnaire comprised two open questions: Q1) In your opinion, what is research-based teaching and learning? and Q2) How are research and teaching combined in your own work? The questions were distributed via internal e-mail lists and the answers collected anonymously via an online electronic form. The drawback of this study method is the lack of possibility to ask elaborative questions. However, the respondents were provided with a space for additional comments, and unrelated answers were not included in the final analyses. Three and six responses respectively for Q1 and Q2 were rejected, because whilst they provided feedback on developing education in general, they did not answer our questions.
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Higher Education Studies Vol. 4, No. 4; The following background information was also collected: highest degree held (Degree), position at the university (Position), nature of contract with the university i.e. permanent/temporary staff (Employer), major subject (Major), age, gender, extent of research experience (Research) and duration of teaching experience (Teach). A space for additional comments was also provided.
Analyses
Qualitative Content Analyses
The data were analyzed using qualitative content analysis (Flick, 2002; Mayring, 2000) . The basic idea of this method is that the elements of text interpretation, according to the research questions, are placed into categories, which are revised during the process of analysis. The method used is called inductive category development, in which the categories result from interpretation of the content of the responses, i.e. with no a priori categorization (Mayring, 2000) . This method has similarities with phenomenograpy, in which the categories of description are considered to be the most important results of the research, and which aims to map the qualitatively different ways in which people conceive various aspects of their environment (Marton, 1981) . Marton (1981) himself pointed out that the interview method is by no means an essential component of this method. The limitations with responses to anonymous questionnaires, as used in our study, include the impossibility to follow-up for clarification if the meanings of some responses remain unclear or incomplete. Thus, this could result in the recognition of an inadequate number of categories compared to phenomenographic analysis Marton (1981) .
The material was analyzed step by step, according to the protocol of the procedure: 1) All responses were read independently by all three authors to identify the range of variation within the conceptions of research-based teaching and learning. 2) After the first reading, all authors listed comments under preliminary categories each had defined. 3) All the authors then discussed these and drafted a joint categorization. 4) After discussion, each author re-read the responses to redefine the categories. 5) The categories that each author identified were then discussed, modified and finalized. This process of re-reading and redefining continued until all the authors agreed on the categories. Finally, representative illustrative quotes from the teachers' responses were selected. This process was subsequently repeated for the teaching practices question. Finally the descriptions of teaching practices were evaluated and then compared to the range of conceptions. Some of the final categories had overlapping themes. However, the process of categorization does not use single themes as the determining factors but assesses the versatility of the themes, and maps the qualitatively different ways of determining the final categories.
Quantitative Analyses
Logistic regression was used for assessing the effects of eight explanatory variables collected as background information (Table A) . The responses for Q1 were the seven dimensions found in the qualitative content analyses, and for Q2, the five defined categories. Logistic regression was performed on the categorized answers to each question in turn, using the statistical software R version 2.9.12.1 (R Development Core Team 2010) for the categorical responses to eight factors.
Prior to running the logistic regression model, the data were tested for autocorrelation. We also analysed the relationship between the categories of conceptions (Q1) and student involvement (Q2) produced in the qualitative content analyses. The relationship between the teachers' conceptions and degree of student involvement in their teaching were compared using Pearson's Chi-Square test, in the software package PASW Statistics 18, SPSS Inc. The test was performed using answers from the 48 respondents for which answers for both Q1 and Q2 were available. Irrelevant answers were omitted from the analyses. The variables for the test were the categories found in the qualitative content analyses.
Results
There was a lot of variation in how teachers described how they perceived research-based teaching and learning. Almost all teachers perceived that up-to-date knowledge and researchers acting in the role of teachers are characteristic of research-based teaching and learning. However, the teachers' conceptions varied from a very narrow perspective, by giving only one aspect to define the concept, to wider and more complex perspectives.
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The most distinctive difference between the teachers was the way in which they perceived the students' role in the teaching and learning process, and the academic environment. Some teachers did not mention students at all, or if they did, students were mentioned simply as transient recipients of information from the teachers, whereas other teachers described students as active participants, almost junior colleagues, in the academic research community. This division was apparent in the analyses of both research questions.
The categorisation of the teachers' descriptions of research-based teaching is presented below in three parts. The first part addresses the teachers' conceptions of research-based teaching and learning, the second part their teaching practices, and the third part focuses on the relationship between conceptions and practices.
Teachers' Conceptions of Research-Based Teaching and Learning
We recognized seven different dimensions in the teachers' answers when they described research-based teaching and learning (Table 1) . Each teacher's conception held one to several of these dimensions. For example, most teachers considered that a university teacher must also be a scientist, and there were also teachers for whom this was the only definition provided in their answers. Three additional distinctive categories emerged from our analysis (Table 1) . Some teachers emphasized the role of the teacher when they described research-based teaching and learning, whereas the role of the student as an active participant in the learning process was not mentioned at all. The conceptions emphasising the teacher's role were grouped into one category, which was accordingly named the teacher-centred view. Some other teachers described not only the teacher's role but also recognized the role of student activity in the process of teaching and learning, which constituted the category student-centred view. A further minority of teachers emphasised the importance of pedagogical research in their responses, comprising the category pedagogical view.
There was a tendency that the number of dimensions increased when moving from the teacher-centred category to the categories student-centred and pedagogical views. However, in addition to this increase in the number of dimensions, there was also a discernible change in the quality of the answers. Teachers holding teacher-centred conceptions seemed to define their view from a narrower and more strictly limited perspective, whereas the other teachers' conceptions seemed to include more dimensions, to be more flexible, and to analyse the concept from more than one perspective. Hence, the three categories are exclusive along the teacher-centred/student-centred/pedagogy -axis but not hierarchical in terms of dimensions. Thus the conceptions categorized as a pedagogical view, may also include dimensions from the other two categories, in addition to which the conceptions categorized in the student-centred view may have dimensions from the category teacher-centred view. Each teacher's conception was grouped in its entirety into just one category. Thus, the responses of 30 teachers fell into the category teacher-centred view, the responses of 24 teachers fell into the category student-centred view, and the responses of four teachers fell into the category pedagogical view. Interaction, student provides ideas to (teachers) research
Category 1. The Teacher-Centred View
The teachers whose conceptions were categorised as teacher-centred view (N=30) held the opinion that research-based teaching and learning is determined by the teacher's activities. Within this category, if the teaching or learning process was referred to, it was viewed more or less as a transfer of knowledge from the teacher to the student. The responses from these teachers were often short and narrow, and included a unilateral definition of research-based teaching and learning. Within this category, the conceptions varied, depending on which of the dimensions the teacher emphasized. For example, one of the teachers considered that university teaching is research-based when the teachers are active researchers. Some other teachers considered that updating teaching material according to the most recent research findings will result in research-based teaching and learning. There were also teachers who considered that the process of researching should be taught to students. These teachers considered scientific thinking and discipline-specific research methods to be essential elements of research-based teaching. Thus, also these teachers did not consider students as active participants in the teaching and learning processes, but as recipients of information provided by the teacher, as the following excerpt demonstrates: 
Category 2. The Student-Centred View
The characteristic feature of the conceptions of teachers within this category (N=24) was that the student was described as an active participant in the teaching-learning process. The teachers within this category, in common with teachers in the teacher-centred category, considered that a teacher must be an active researcher, and up-to-date knowledge in the discipline must be taught to the students. In addition, these teachers emphasized in various ways the students' own activity in the learning process. According to these teachers, students should learn the ways of practicing and thinking in the discipline by e.g. planning their own research projects, collecting data in the field or laboratory, analyzing it and reporting the results. Some teachers pointed out that students learn through completing assignments which resemble research projects, and one teacher appreciated students for providing new insights into research: These teachers viewed teaching as a process which involves well-studied pedagogical methods, such as problem-based learning (PBL). Two of the teachers within this category also emphasized the importance and willingness to update and develop their teaching methods and skills.
Research-based teaching means that the teaching given is based on up-to-date knowledge and that students also learn by participating in the work of the research groups, e.g. when making
Following the elucidation of these three categories, we assessed the importance of background variables in determining the categories. The logistic regression produced highly significant results for teaching experience, major subject, and gender (p < 0.01), and a significant result also for contractual status at the university (p < 0.05) ( Table 2 ). There were more responses teacher-centred responses from permanent than from temporary staff. Teachers with 6-10 years of teaching experience were predominant in the teacher-centred category. All of the respondents in the group with 3-5 years teaching experience demonstrated perceptions which were categorized in the student-centred view of research-based learning. Note. Significant probability values are indicated with asterisks, *** for p<0.01, ** for p<0.05 and * for p<0.1.
How are Research and Teaching Combined?
The participants mentioned various teaching methods among the descriptions of how research and teaching are combined in their work. In their order of frequency, these were lecturing (N=36), supervising (N=19), teaching research methods (N=7), giving practical courses (N=16) and involving students directly in research activities (N=10). These groups of teaching methods are not exclusive, as participants reported various combinations of the different methods.
In general, when teachers' descriptions of the links between research and teaching were analysed, they formed a continuum. At one end of the continuum there were descriptions in which teaching and research did not meet at all, whereas at the other end of the continuum, the teachers' descriptions showed that research and teaching were strongly interlinked. The one factor which increased from one end of the continuum to the other was the extent of student involvement in teaching methods. Altogether our analysis resulted in five categories, with increasing levels of student involvement in research and participation in the research community (Table 3) . In this category, the descriptions of the teachers (N=4) showed research and teaching as mainly separate entities. The teachers mostly considered that they carry out research, and teaching occupies a minor role in their work. One of the teachers described that his/her teaching in practice involves other topics besides his/her own research. It was characteristic for this category that teachers perceived that research and teaching do not meet, or the connection is minimal, as illustrated by the following excerpt:
I carry out research and only to a lesser extent teaching. There are some subjects in my teaching that deal with research, but mainly research and teaching do not meet in my work. (Teacher 36)
Category B. Student Connected to Research through the Teacher
Within this category, the teachers' (N=19) descriptions did show a connection between research and teaching, but the link was vague. Students were mentioned in the answers, but mainly as receptacles for the transfer of research-based information. Thus, some of the teachers in this category explained that they mention research results when lecturing. When these teachers described their teaching, the situations in the class were planned in advance and led by the teacher. Thus, the students were not perceived as active participants in the teaching situations, even if the teacher discussed a field or laboratory course. In this category it was characteristic that the student involvement in research was indirect, via the teacher:
When I can illustrate something I am teaching with research that I have done, or other peoples' research that I am familiar with, I do it because (1) it makes it fun for me and (2) it makes the concept I am teaching more like a story than a fact to remember, so students (hopefully) get engaged in thinking about it. (Teacher 56)
Category C. Student Practices -Activities Related to the Research World
Teachers in this category (N=4) considered that teaching and research meet in their work when they carry out teaching practices, such as problem-based learning or workshops, in which students are active. However, the teachers do not refer to the students as active participants in the research or scientific community. One of the teachers refers to research results when lecturing, and tells the students how and why the results were produced, and in that way, tries to engage the students in critical thinking: 
Category D. Student Involved in Research -Supervision
The teachers' descriptions in this group (N=18) stated that the students were involved in research by carrying out thesis work, either at the B.Sc., M.Sc. or Ph.D. levels. In most answers, the student was not mentioned as an active participant even in the supervision process, though in practice whilst doing their thesis, they are consequently involved in research. Some teachers within this category solely mentioned supervision, others combined supervision with activities and themes from other categories. However, they described supervision as the main connection between research and teaching, as the following excerpt shows: 
Category E. Student Integrated into the Research Community
Within this group we categorized responses (N=6) in which the integration of research and teaching was emphasized and students were perceived as part of the research community. The responses seemed to comprise the idea that when combining teaching and research, the students provide input in producing novel research solutions, rather than just repeating research projects already carried out by the teacher, other scientists or students in former years. Many of these teachers also mentioned other teaching activities that have been emphasized in previous categories. However, the descriptions within this category differed from all the others in that the teachers described how they take advantage of different teaching situations to contribute to their own research. In these descriptions, the research and teaching activities seemed to be very strongly integrated, and the students were viewed as participants in the research community: Subsequent to the determination of these five categories, we assessed the significance of background variables in explaining these results. The results of the logistic regression produced a highly significant result (p < 0.01) for position, and a significant result for gender (p < 0.05). High significance was also obtained for research experience and degree, which were autocorrelated with position. Therefore, position, research experience and degree seem to explain the majority of how research and teaching are combined in practice. Teachers that involve students in research tended to be researchers themselves, and generally referred to themselves as researchers. Note. Significant probability values are indicated with asterisks, *** for p<0.01, ** for p<0.05 and * for p<0.1.
Relationship between Teachers' Conceptions and Practices
To compare academics' conceptions on research-based teaching and learning, and the practices demonstrating how research and teaching are combined in their own work, we used the categories defined in the qualitative content analysis (Tables 1, 2 ). Our analysis resulted in a statistically highly significant correlation (p < 0.001), suggesting that teachers with teacher-centred conceptions of research-based teaching relied on practices in which students had minimal input. Contrastingly, teachers holding conceptions which represent the student-centred view, relied on practices which involve students in research and integrate them into the academic community.
Discussion
Our results show that bioscience teachers in a research-intensive university do not have common conceptions of research-based teaching. On the contrary, there is great variation in teachers' conceptions. Most teachers in our study perceived research-based teaching as the transfer of research results to students, with some emphasis on up-to-date information or scientific ways of thinking and practising. This teacher-centred view has similar elements to the view presenting research to students reported by Brew (2006) when studying academics' conceptions of research-led or research-enhanced teaching and learning. Contrastingly, the student-centred teachers in our study viewed students as active learners and did not emphasize the role of the teacher. Similarly, academics which held the view reported by Brew (2006) that learning through research required the engagement of students in research activities, and therefore had similar elements to those with a student-centred view in our study. Besides the division between teacher and student-centred conceptions, there were a minority of teachers in our study who viewed pedagogical research as important, or their conceptions showed pedagogical awareness and interest in developing and updating their teaching methods to enhance students' learning. This view has similar elements to the view researching teaching in the study of Brew (2006) . By 'researching teaching' the academics referred to pedagogical research performed outside the teachers' own discipline.
Our results also share similarities with the results of a small interview study conducted by Robertson and Bond (2001) , in which academics were interviewed on their experiences of teaching and research, and their inter-relationships. By interviewing seven academics, Robertson and Bond (2001) found five qualitatively different experiences of the relationship between research and teaching, ranging from research and teaching being incompatible and with no connection, to a symbiotic relationship in a learning community between the two. This surprisingly great variety of experiences detected in a sample of just seven academics, may be explained by the study method. Academics expressing strong views on a paper suggesting little or no relationship between research and teaching (Hattie & Marsh, 1996) were invited to join the study by Robertson and Bond (2001) . Besides their views on the controversial paper, the academics were also interviewed on their personal experiences of the relationship between teaching and research. An interview-based on such a controversial topic is likely to provide extreme disparity in views and experiences.
The conceptions of research-based teaching revealed in this study are also in agreement with how academics are reported to view teaching in general in studies on approaches to teaching. Approaches to teaching are defined as strategies adopted by teachers for their teaching, and conceptions as the beliefs that underlie their teaching strategies (Postareff & Lindblom-Ylänne, 2008) . Two approaches to teaching have been commonly distinguished: the teacher-centred approach and the student-centred approach (Kember & Kwan, 2000; Postareff & Lindblom-Ylänne, 2008; Trigwell & Prosser, 1996) . In the teacher-centred approach, the student is viewed as a passive recipient of information transmitted from the teacher to the student. This way of perceiving students is similar to the ways teachers perceived students in our teacher-centred view, in which the students were considered as recipients of information or not mentioned at all. Contrastingly, in the student-centred approach, the teaching is seen to constitute a facilitator of the students' learning processes, which is similar to our student-centred view, in which the teachers in this category perceived students as active participants in the learning process, and described their conceptions by referring to students' learning.
It has been shown that teaching and learning processes are interlinked. Teacher/knowledge-centred and student-centred approaches were reported in a study of bioscience students' conceptions of teaching (Virtanen & Lindblom-Ylänne, 2010) . Furthermore, Trigwell, Prosser, Ramsden and Martin (1998) have shown that different approaches to teaching influence students' approaches to learning, meaning that teachers with a teacher-centred approach to teaching are more likely to be favoured by students with a superficial approach to learning, and teachers with a student-centred approach to teaching are likely to be favoured by students with a deep approach to learning. Consequently, teachers' conceptions of teaching in general, and of research-based teaching in particular, are likely to have an effect on students' learning.
As suggested by Hattie and Marsh (1996) and Brew (2003 Brew ( , 2006 , a closer integration of teaching and research is required to enhance higher education. Our study demonstrates that bioscience academics in a research-intensive university refer to the role of the student in a variety of different ways and possess a diverse range of conceptions of research-based teaching. In our opinion, the creation of a common conception of research-based teaching is essential in order to foster a stronger integration of research into teaching. This approach could be considered as the creation of a community of practice, defined by Lave and Wenger (1991, p. 98) as "a set of relations among persons, activity and world, over time and in relation with other tangential and overlapping communities of practice". In the model of Brew (2003) , there are no separate learning and research environments at the university, but the student is involved as an active member of the research community. In practice, the attainment of such an interactive research-teaching community is gradually accomplished when proceeding towards student-focused conceptions and teaching practices.
There is a plethora of ways of involving students in research ( Table 2) . As suggested by Zarmorski (2000) students can be seen as an audience for research results or they can be engaged in research activity. This division is not entirely equivalent to the teacher-centred and student-centred approaches (Kember & Kwan, 2000; Postareff & Lindblom-Ylänne, 2008; Trigwell & Prosser, 1996) , and engaging students in research activities does not automatically constitute a student-centred approach. This is illustrated by our results on student www.ccsenet.org/hes Higher Education Studies Vol. 4, No. 4; involvement, in which a common way for bioscience academics to involve students in practical research activities related to the research world is via field or laboratory courses. However, participation in a field or laboratory course does not necessarily mean student-centred learning. The course exercises are often designed in advance by the teacher, and applied in a teacher-centred approach, in which the student may mechanically carry them out without the necessity of further thinking or deep learning. This may be the case amongst bioscience academics in particular, as many teachers described giving lectures, laboratory and field courses, in a teacher-oriented manner, without considering the role of the student in these activities. Such an approach can be referred to as activity-based teacher-focused teaching (McKenzie, 2004) .
Our results suggest that academics' conceptions of research-based teaching correlate with teaching practices with various levels of student involvement in research. This means that teachers with teacher-centred views of research-based teaching are likely to carry out teaching practices with less student involvement, and teachers' with student-centred views are more likely to incorporate students into research activities and acquaint them with the academic community. Supervision of theses was commonly perceived as constituting a research-based teaching activity, however only a minority of bioscience teachers carried out teaching practices whereby students could be considered to participate in the academic community. This may have significant effects on students' study engagement, as Stubb, Pyhältö, and Lonka (2011) have shown that doctoral students who feel that they are part of the scholarly community, are inspired and empowered, and more likely to succeed in their studies, compared to students who do not feel part of a scholarly community.
Our study also produced some interesting results regarding the associations between teachers' conceptions and background variables. For example, major subject had a significant effect on teachers' conceptions. We suspect that this could be because of effective educational leadership within some major subjects, or that teaching staff in some majors are actively developing their pedagogical skills and influencing their peers, whereas those in other majors are not. Interestingly, there were more teacher-centred responses from permanent staff than from temporary, and teachers with 6-10 years of teaching were overwhelmingly dominated by the teacher-centred approach. Contrastingly, all of the respondents in the group with 3-5 years teaching experience demonstrated student-centred perceptions of research-based learning. This suggests that teachers in the early stages of their career (i.e. teachers without permanent teaching positions) may have more incentive for training and developing their pedagogical skills than permanent staff. The same trend was shown in views of practical teaching solutions, as the most significant factor affecting teaching practices was position at the university: the majority of teachers who involved students in research were researchers. This result suggests that active researchers are a valuable resource for the development and application of research-based learning, and it also supports the wisdom of the university's strategic objective of implementing a policy of 'all teachers undertake research, and all researchers teach'.
Conclusion
In conclusion, we consider that if the conception of research-based teaching is not developed collectively, it will not evolve by itself amongst academics. The active development and refinement of joint conceptions of research and teaching is vital in a research-intensive institution, as they have the potential to enhance student involvement in research and incorporation into the academic community. This in turn can enhance student achievement, and thereby enhance higher education. Such progress towards the establishment of a genuinely research-based teaching community with common conceptions will require both pedagogical training of academics and the implementation of effective educational management and leadership at the departmental, major subject and institutional levels
